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Ds. aides has told . world, that 6 Tay $6 1 the * 
« force affecting the gravity of the moon to the earth, and from that has 
C calculated very accurately the mean diſtance of the fan from the earth.” 
s Now, having examined what the Doſtor has done; and having found, 
not only his principles very exceptioaable, but alſo his calculation egre- 
"pity erroneous ; I cannot, as the ſubject is of importance, uncon- 
cernedly obſerve Error promulgated as Truth, bur muſt, as a friend to 
ſcience, take up my pen and point out the faults I have diſcovered. 
By what follows it will appear, that a concluſion different from the 
Doctors may be obtained by following his own method, varying the 
ſteps a little, yet taking none but fuch as will nn bring us as 
near the truth as thoſe taken by him. 
The ſun moon and earth being at 8, L, and I en (ſee fip. 1.) 


Ke being co the ſquare of ST as ST to LE, if ST re- 
: T 19 js "pon 
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preſer the force of the earth to che ſun, LE 1 the force __ 
the moon to the fun; let the force LE be reſolved into the forces EF, | 


I.: becauſe TS, FL are equal and parallel, the forces TS, FL, do 


not diſturb the motion of the moon and earth with reſpe& to one ano- 
ther; there remains therefore, in aſcertaining the diſturbing force of the 
ſun upon the moon, only the force LG to be conſidered.” Draw GN 
perpendicular to T L, meeting TL in N; and complete the parallelogram 6 
LNGO,; the force LG may be reſolved into the forces LO, LN, and 
the force LO may be altogether neglected, becauſe, when the moon is 
at the ſame diſtance from the point A, on the other fide of TA, its effect 
is quite oppoſite and equal, ,and exactly balances the other effect; ſo that 
this force does not affect thie periodie time of the moon round the eart 
there remains therefore only the force LN to be conſidered. 


In ST take TP on the ſame ſide the center T with S; and let the 1 


rectangle STP be equal to the ſquare of FA; biſe& SP in Q, and ST, 
in R; and in ST take TK, fo, that ST may be triple of TK; let LM, 
perpendicular to TA, meet TA in M; in TA take T'5, fo, that the 
ſquare of TA may be triple the ſquare of T; let LG meet ST in H; 
and draw H Z perpendicular to TL, meeting TL in ZZ. 
| Becauſe the ſquare of SL is to the ſquare of ST as ST to LE; 
and the ſquare of SL is equal to twice the rectangle contained by. 


QM, SF, twice the rectangle by QM, ST, will be 


to the ſquare of 8 T ST m L EB ee deen QM will be to 
ST as ST to LE; therefore QM will be to RT as ST to LE : but 


SH is to SL as ST, or EG, to EL; therefore QM will be to RT as 
SH to SL. Again, becauſe the reftangle S T P is equal to the ſquare f 


TA, ST will be to TA as TA to TP: but becauſe S T, the diſtance of 
the ſun from the earth, is greatincompatiſon. of TA, the diſtance of the 
moon from the earth, TA will be great in compariſon of TP; therefore 
I'S VP" may be conſidered as equal; therefore QT, TR, may 
be conſidered as equal; and therefore QM, MR, may be coſidered 

as equal; or, Ma being made equal to PT, QM, mR may be con- 

ſidered as equal; and therefore R will be to RT. as SH to SL: 
but becauſe T'S is great in compariſon of TA, or TL, the angle TSL 
or 7 nen therefore LS, . or *. may be e conlidered, as equal; 

1 8 therefore 
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© therefore mR will be to NT 48 SH'to'Sm; therefore, inverſely, TR 
128 will be to R as Sm to SH; therefore T will be to H as RT to Sm: 
but Sm is nearly double of RT, therefore wH will be nearly double of 
Ta; and therefore T H may be conſidered as triple of Tm: becauſe 
SJ is triple of TK, and TH triple of TN, SH will be triple of K, or 
triple of MK nearly; therefore MK will be to TK as SH to ST, or 
EG; that is, as HL. to LG; that is, as Z L to LN: but the rectangle 
„ LI is to the rectangle TLN as Z L to LN; therefore MK is to KT 
ads the rectangle TLZ to the rectangle LN: and becauſe the angles 
TZ H, TML, ate equal, becauſe both right, the rectangle L T Z will 
be equal to the rectangle HTM; that is, equal to thrice the rectangle 
MTN: and becauſe the ſquare of TL, or TA, is triple the ſquare of 
T4, therefore the rectangle TLZ will be triple the exceſs of the rectangle 
MT#m above the ſquare of Th; and therefore MK will be to K T as 
thrice the exceſs of the rectangle MTM above the ſquare of T5 to the 
rectangle T LN; therefore MK will be to ST as thrice the exceſs of the 
rectangle MT above the ſquare of Tb to thrice the rectangle T LN; 
that is, as the exceſs of the rectangle MT above the ſquare of T4 to the 
rectangle TLN: but the rectangle contained by MK, TL, is to the 
rectangle STL as MK to ST; therefore the rectangle contained by MK, 
TL, will be to the rectangle STL as the exceſs of the rectangle MT 
above the ſquare of Th to the rectangle LN; and therefore, alternating, 
the rectangle contained by MK, TL, will be to the exceſs of the rectangle 
MT aboye the ſquare of To as the rectangle S T L to the rectangle 
'TLN; chat is, as ST to LN: and becauſe the centripetal force of the 
ceuarth to the ſun is to the diſturbing force of the ſun upon the moon at the 
point L as S T to LN; therefore the centripetal force of the earth to the 
ſun will be to the diſturbing force of the ſun upon the moon at the point 
Las the rectangle contained by MK, TL, to the exceſs of che Aue | 
| MT above the fquare of Tb. | 
. finding the ratio of ST to LN, we, as well as Dr. Stewart, to avoid 
the inconvenience of retaining ſurd quantities, have rejected certain quan- 
ities on account of their ſmallneſs, and have conſidered certain other 
quantities as equal, which are only nearly fo. Now, as great caution is 
a in "OS! an Py Ps in computations, let us compute the 
tt ratio 


TCEY 


ratio of ST to — as we may nn and, whe ni 
the exact ratio with that which we have found above, and with that which 


the Doctor has found, which are both conſidered as nearly true, let us ſee 

whether we have not deviated farther from the truth than he has. 
If we write D, d, and x, for TS, TL, TM reſpectively, LM. will be 

EF, SM= D, and SL=D* TUD, and, F being put 


bor the forceof the carth tothe fun, 5. vin be 99 Nr. =D; F 


'the force of the moon to the fun; which, when the 


aloe of F i denod by D, — . NowEL 


B= . 
1 

. 

| Moreover, TL re to | The as TH to Tz Tz vill be = 

— ad 1205 8 r * 


bange EG, or ST, as 81. wSH, 


vill be= =5H; 


Fx —— | e II >. ; 7 
But Lz is to L . to LG; _ 418 0 LE; thatis as 


3 ie 
„N $ | therefore LN will 1 N 


. Thus the ratio. of 8 0. IN O cat 


aſcertained. 
By making he n, we en by means 1055 this laſt * 
- fion, it appears, that, in computing the ratio of ST to LN, Profeſſor 
Stewart has deviated farther from the truth than we have in our firſt com- 
putation . If then we 1 OY Ed to his wag nth without 


— 
3 


15 » 58 is ke 3 our 3 Sankey N "Songs nearer the 3 3 the 
Deere is, if, in purſuing his method, we had ſuppoſed M equal to one half, one 
' third, or one fourth, &c. of PT. And it is obvious that a very conſiderable error ariſes 
(pa. 304. Tr. * nn... TR: ates SH, that TM 

will 


* . 5 


1 * 1 


e upon the ſuppoſition that his principles are true. 


Putoigg as near as poſſible he fieps Mr. Profeſer Stewary has taken in 
| tis 8th, gth, and 10th, Prop. Tra 4, we find that the mean diſturbing 


force of the ſun upon the moon will be determined as follows. Let the 
circle ABCD whoſe center is T repreſent the orbit of the moon round 
the earth at T; let AC be the ſyzigial line, and BD the line of the 


_ quadratures; in TA take TI, Te, fo, that the ſquare of TA may be 
triple the ſquare of T's, and the ſquare of T* double the ſquare of Te; 


produce TA to K; and let I K repreſent one third part of the diſtance 


of the ſun from the earth; produce TC to P; and let TP be equal to 


TK; in TK take TE, ſuch, that the ſquare of TE may be to the 


ſquare of TA in a ratio compounded of the ratio of the rectangle KeP to 


the rectangle K AP and of the ſquare of I K to the rectangle KP; and 


in TB take TF, ſuch, that the ſquare of TB may be to the ſquare of 
IF, as the rectangle K4P to the rectangle KeP; with the ſemiaxes TE, 


JT F, let there be an ellipſis EFG H deſcribed; take TQ, ſuch, that 


the rectangle KP may be to the rectangle K T C as the ſquare of TA to 
the ſquare of IQ: the force of the earth to the ſun will be to the mean 


diſturbing force of the ſun upon the moon as the circle T'Q to the ellipſis 


EFGH — the circle ABCD; that is, as the ſquare of T Qto the excels. 


of the rectangle E T F above the ſquare of TA. 


Though what we have already done, with what is done by Dr. Stewart in 


the gth Prop. of his Suppl. to his Trafts, be ſufficient for the obtaining an 


I 1 from e D bie ” as yet let us follow | 


4 : 


— 


will be to M H as RT to 8 M, 4 that 8 ($M wo ads double of RT) ; 
H M will be nearly double of T M: for the firſt proportion being not exactly true, but 


only nearly ſo on account of the greatneſs of the quantities retained in compariſon of the 


quantities neglected; the differences TR—RM and MS — 8H (which are equal to 


TM, MH, reſpectively) will not in general be nearly in proportion to each other as 


RT to $M; becauſe though the neglected quantities be ſmall in compariſon of RT, 


_ *** 8 ovir-conchaon mlt be nearer de wu 


RM, MS, or SH, they are not ſmall in compariſon of HM or TM. HM is ſo far os: 
from being in general double of TM, (as Dr. Stewart makes it,) that TM is ſome- 


times Wy ng . ol, z even a hundred, et renee. or ten , &c. "wm re 
. C 55 5 
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Fig. 3. 


OTA 


„ . 
chat Gentleman a little farther, and take notice A the conſtrains which 


our concluſion ſuggeſts to us, (which i is nearly ſimilar to his in Prop. 22. 


Tr. 4,) and the rather as it will facilitate the numerical calculation of the 
value of D, the required diſtance of the ſun from the earth. It | 
Let the circle whoſe diameter is AB and center T nt the hs 


| of moon round the earth at T; in TA produced, let T V be taken, ſo, 


that TV may be to TA in the duplicate ratio of the periodic time of the 
earth round the ſun to the periodic time of the moon round the earth; 
take C T, fo, that TV may be to TC as the force of the moon to the 
earth to the mean diſturbing force of the ſun upon the moon; and take 


166 equal to AC; let the reftangle ( CD be equal to twice the ſquare of 
AT; let AG: be equal to BG, and fuch, that twice the rectangle ? 


contained by AG, DG, may be equal to thrice the rectangle -, us 


draw GH perpendicular to AB meeting the circle-in H; join TH, and 
draw TE perpendicular thereto meeting the circle in E; draw EK a 


tangent to the circle meeting TA produced in K; the mean diſtance of the 


moon from the earth being repreſented by AT, K T will repreſent one 
third part of the diſtance of the ſun from the earth; and therefore GH 
will be to thrice TH, or thrice TA, as the mean 4 ire gh * n 
ann, to n — aun E * 


NUMERICAL' CALCULATION. 


TA: TV I ET 
IV; TC:: 1: 0.002797722, 12 we Doftor's ann Prop. hk 4 
TA: . : I £1 N REY Rs „ 


14. TC:: TA TA—TC:: © 949999712555. 


1D Ta: :: STA ; we. "1 2.2 0.49997713555.. 
e TD as=2, TA will beo. 499977 13553. 
W DB. 99977 13565. 


Abe ATD=0. 999954873 fee 1 
55A. Sofa ee 


8 Whence 5 


151 Cen 


\ . - j . 
© 55 0 af + WW » 4 — 8 * © 
K 4 #Y q l . — 
* By "WM # * 9 =; a n 157 4 1 ; , tw, ; 5 i * 
. 3 13 5 . | | a+ a8 
1 0 = 
A wg 
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| Whenee ese . —S apf, =0-999900554745 


* 4 a . 


"Naw 2 TA being = = 0.999954271 . 4 
B88 willbe=0.,000045716357, T 
AG x Dn 0.000045712 $7645598503125 15 


and XN 4 - e e Tre. 
Conſequently GH: Fekete | 221. 6e. his e TY OAT 1047 


Thus the diſtance of the ſun from t the earth appears to ber not 7 0 | 


great as Doctor Stewart makes it! 


'T ſhall by the way here juſt take notice, cit all Mr. Tens ” : 


written on this ſubject in the Pbilgſ. Tranſacd. for the year 1767 


to no more than computing numerically from Dr. Stewart's conſtruction, 
as T have now done from the conſtruction given above; therefore, the 
| Dettor's error ariſing from the ſteps he had taken before he inferred his 

conſtruction, Mr. Honenny” 8 eben is as et of Lie truth as the 


Decor; 8 18. 


The Doftor, | in ki 29th Prop. Tr. 45 een that @ n time in 
which the moon wou'd deſcribe a circle round the earth at the diſtance 


1 A by the action of the earth alone, is to (p) the time in which the moon 
revolves round che earth by the joint forces of the earth and ſun i in the 


7 ſubduplicate ratio of Tm to TA; that is, as F to F. A being 


expreſſed by j. and Am (=TA—Tm) by nf. Whence we learn, that the 


N Doctor conceives q and p to be reſpectively equal to the periodic times of 
two bodies deſcribing equal circles by the action of the centripetal forces 
© | and f—nf; the periodic times in equal circles being reciprocally as the 


ſquare roots of the centripetal forces reſpectively. Therefore, if, in 
| 4 14, 7. he p be the periodic 2225 oy the Tong" was _ 


"x * 
pou a * 9 Mm 25 = * E : 5 * An ** * « F 5 
8 4 . y A 


uben the calculation is more accurate. 


If we had ſuppoſed M equal to one half, or one third &e. of PT, the value of D ; 


'wou'd have come out greater than ro but leſs than what Dr. Stewart makes it. 


CO 5 


5 * 8 
8 — 
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This lus of D is greater than the yalue thereof ebene 6 from the fame principles | 


ton 


as 2s be there cat! n | 


the moon to the earth; and therefore, in the conſequent calculation, »f 


being the mean diſturbing force of the ſun upon the moon, f—xf ſhou'd 


be conſider'd as the force of the moon to the earth. But the Doctor in 
his 27th Prop. Tr. 4, and in his Suppl. has conſidered AT, or , as the 


force of the moon to the earth; Am, or »f, being the mean diſturbing 
force of the fun upon the moon: and having computed that AT 


is to. Am as 357.43365 to 1, he FS oo uſe of that pro- 


| portion as the ratio of the force of the moon 'to the earth to- the 


mean diſturbing force of the ſun upon the moon, inſtead of the propor- 


tion 356.43365 to 1, or f—nf to 1. The error thus occaſioned is 


; very great; for correcting the Doctors calculation by uſing the propor- 


tion 356.43365 to 1, inſtead of 357. 43365 to 1, as the ratio of the force 
| an e to the earth to the mean diſturbing force of the ſun upon the 


moon, the diſtance of the ſun from the earth, comes out no more than 
62.8Xd! lune 
28.09xd! 


If we ef re in more 1 as we 5 may by a 3 
much more ſuitable for the purpoſe than that which the Do&or has made | 


Week that Gentleman's inaccuracy will appear {till greater. 


We have found that LN (Fig. 10 5 e ane e 


"RR 


Dili 4. 2 


PR; 22d 15x —9d* x. 
| Br N DE, which is = +. wy 254 + 


2 J- A Ke. Half he fu of the diſturbing forces 4 


204 
2 points L, Li is 1 to the force of the fun upon the earth as 
5 2 he 2c. or. 5 
DA i | 
And i it is plain, that, agreeable to the Dodos idea ifs a mean Jterbing 
ente, the force of the ſun upon the earth will be 0 the mean diſturbing 


force of th the fun  vponthe moon x th fluent of — "a = OR wh e, 


fe our calculation D e 


r 9 HR 
oi „ becomes qual to 4, to the fluent of 


44 M * 2 | 
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centripetal force of the earth upon "Me moon ; for by Prot Stewart's 
27th Prop. Tr. 4, the mean diſturbing force of the ſun Tf the moon is 


=fX0.002797722, which we denote by uf. an 
But P and p being reſpectively put for the th tn of 15 * 


round the ſun and the periodic time of the moon round the earth, P* 


( according to the obſervation made in pa. 7) n be to 5 as 
. . 44 
"evident | | 


| a 165 | 5 4 np 76 
| Hence DE found = 19. 86x, which is not oe ncih fut part of. 


7 he Wine of D as ee hah Profe * Stewart from. WE lang | 


Printer! 15 : 
” we had cond e 
+82 156. Bxd 


But there is wer anorker 1 very conſiderable fault in the Docks caleu- 

1 Sia occaſioned by his not being cautious enough in rejecting quantities 

in his 27th Prop. Tr. 4, where, to render his concluſion more ſimple, he 
erroneouſly conſiders TG, Ta, Tm, and TP, Tx, TA, as two ſeries 


of proportionals; which are not ſuch; and, in conſequence of his ſo 
doing, the value of the mean diſturbing force of the ſun upon the moon 
is by him, in the gth Prop. of the Suppl. to his Traffs, brought out too 
| Hittle. Inſtead of fx 0.0027977,. which is the reſult of his calculation, 


it ſhou'd be fx0.0028016; as appears by his own reaſoning, if we 
0 the error Juſt now mentioned. —For, by Tr. 45 Pa. 379 the 
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But, I imagine, his choice aroſe from a ſingular fondneſz for his qm me- 
i thod, eſtceming. it more elegant than tlie algebraic method, without con- 
ſidering, ver elegant it may be in fone inſtances,” it cou 
5 of n01 real uſe in the computation he Propoſed to make. * eee. 
| 5 2d. The Dotter, T conceive, has erred in confide ing the force of the 
moon to the ea at one time as equal to the centripetal force of the earth 
upon che moon, and at another time as ehual'to the exceſs" of the fare 
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Correcting the 1ſt error only, D is found =1 56. „%, 
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correcting all the three errors, D. is found = 16.27 K l. 12 
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a to the value of D which reſults from the moſt accurate calculation 
above given; being clearly of opinion, that the principles themſelves are 
not to be relied upon.—Of the many objections that may be brought 
againſt them, I will mention two or three, which may. be fafficient to 
ſhew, that an expeCtation of a "concluſion nearly true Fre mow the Donar v 
24 wou'd be very far from being * founded. n dee e 
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(I conceive, ) the. Pocter propoſed to compute the effect of the mean 

diſturbing force of the ſun upon the moon in cauſing the apogee to change 

its place, the time of moving from apogee to apogee being ſuppoſed | 
equal to the mean time the moon takes to move from apogee to apogee, 

| the yg: deſcribed i in that time ls 10 1 in che fickitious orbit will * 1 
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"ht ws en mae deſeribed in the ſame time * the aps in che 
lunar orbit: for it appears by computation, that the angle which would 
; bedeſeribed by a body moving from apogee to apogee in the ſaid fictitious 


orbit is about 36 1. 31. 36 36 * but it appears by obſervation, that the nean 
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angle deſcribed by the moon from apogee to apogee is about 363. PF 7. 


Which inequality, if (contrary to my opinion) it be not altogether an 
abſurdity in the theory, ought certainly to be accounted for; that it may 
appear, why we are to ſuppoſe (as Dr. Stewart has done) an equality be- 


tween the ſaid times rather than between the angles deſcribed by the 


apſides in the two orbits in thoſe times: Apparently the effects of the 


diſturbing forces in the two orbits cannot be properly compared unleſs 


theſe laſt mentioned angles, which are the meaſures of thoſe effects, be 


equal and deſcribed in equal times. Does it not then ſeem extremely 
abſurd, to admit it as a principle, that, although the angular motions be 


ſio different, yet the time of moving from apogee to apogee in the 
fictitious orbit may be conſidered as equal to en time Waist moon 
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ſome other obvious circumſtances in the ſaid fictitious orbit, being not : 
the ſame as in the lunar orbit, the effect of the mean diſturbing force, as 


computed from that fictitious orbit, cannot, I apprehend, be, any way, 


fairly compared with the real effect of the ſolar force upon the moon; 


even if we *admit that the force LO, Fig. 1, may be neglected. But 


indeed I might with great reaſon inſiſt, that the neglecting that "ew | 
i greatly affects the een : 


4. vid. Mas, PI. Kc. lib. I, prop. 45. ; e 
131 it not very extraordinary, that the Doctor ſhould omit le any notice of 3 


| | meaſure of this angle :I can only account for the omiſſion by ſuppoſing, that he was 
not aware of there being any difference between the ſaid angle and the mean maſs Fo 
. by the moon | from apogee to apogee. | | 
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moſt accurate obſervations. 
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rm by the moſt accurate reaſoning, differing widely from the 
reſult of obſervations, that circumſtance alone * ſuffi- 
; cient reaſon for rejecting his theory. as falſe. 


To urge in defence of his theory, tid reh as hs that 


wo thi in bringing out our concluſion by reaſon of our not being able to 

get the value of the mean diſturbing force of the fun upon the moon 
| ſufficiently exact, is a manifeſt abſurdity ; ſeeing that the more exactly 
we compute that force (and we may indeed eaſily compute it much more 
exactly than the Doctor, or his friend Mr. Horfley, has done) the more 
will our concluſion reſpecting the ſun's diſtance from the earth, deduced 


from the Doctor's principles, differ from the W deduced from the | 


I muſt not omit taking notice, that Mr. Horſley in the Plat Tranſad. 135 
1769) has declared himſelf wel ſatigied that there is no error in Dr. Stewart's | 
principles. — But as it does not appear, that his declaration is any thing 


Eau, than his bare opinion unſupported by any TE I ſhall * 
ler him to t is ſaid above. 
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ERRATUM. 


Pa. 8, I. 6, for, © force of the moon to o the earth * read, centripetal force of the earth. 
| upon the moon. n 
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